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Egg parasitism of three lycaenid butterflies by the parasitoids, Trichogramma spp. in the 
preservation area of Shijimiaeoides divinus barine (Leech) (Lepidoptera: Lycaenidae) in Azumino 
City, Nagano Prefecture 
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Abstract We carried out egg sampling of Shijimiaeoides divinus barine, Lycaena phlaeas daimio and Calestrina 
argiolus ladonides to investigate egg parasitism by Trichogramma spp. and their adult density using a sticky trap. 
Eggs of L. phlaeas daimio and C. argiolus ladonides were found in May and only eggs of S. divinus barine were 
found in June. Trichogramma spp. attacked these three lycaenid butterflies. The percentage parasitism of L. phlaeas 
daimio and C. argiolus ladonides was low (12 - 18%) on May 17 and that of L. phlaeas daimio became high (54%) 
on May 29. The percentage parasitism of S. divinus barine reached 79 - 89% in June. Trichogramma spp. were not 
captured from April 15 to May 28. From May 28 to June 23, several individuals (0.18 - 0.29 /trap/day) were captured 
and the number of captured Trichogramma spp. increased rapidly after June 24 (0.47 /trap/day). These findings 
suggest that the high percentage of parasitism on eggs of S. divinus barine in June may be due to the increased number 
of Trichogramma adults which have emerged from eggs of L. phlaeas daimio and C. argiolus ladonides parasitized in 
May. 
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Introduction Alps Azumino National Government Park (following 
Preservation area) in Azumino City, Nagano Prefecture. 
S. divinus barine had been present in this area till 1990. 
Members of a volunteer organization had planted sS. 
flavescens and released artificial rearing pupae since 
1994 (Hama, 2007). Despite these efforts, the natural 


population of S. divinus barine had not recovered as of 


The large shijimi blue, Shijimiaeoides divinus barine 
(Leech) originally inhabited the eastern part of Honshu, 
Aomori and Iwate prefectures of the Tohoku District, 
and Nagano, Gumma and Niigata prefectures of Chubu 
District (Fukuda et al., 1984). At present, however, only 


small populations of S. divinus barine remain in limited 
areas of Nagano Prefecture (Tashita and Maruyama 
2007). The natural population of S. divinus barine is on 
the verge of extinction in these places. This butterfly is 
single-brooded. In Nagano Prefecture, the adults appear 
from late May to early July. The adult female lays eggs 
on flower buds of the host plant, Sophora flavescens Ait. 
in June. The larvae pass through four feeding instars 
in June and July and pupate under withered leaves or 
soil, where they overwinter until the following year 
(Maruyama 1982; Fukuda et al., 1984). 


Trichogramma spp. were reported to be an important 
mortality factor of S. divinus eggs in Aso, Kumamoto 
Prefecture (Murata and Nohara, 2003) and in Nagano 
Prefecture (Maruyama, 2004; Nishio, 2009; Hirabayashi 
et al., 2009). Koda et al. (2009) have reported that the 
percentage of parasitism by Trichogramma chilonis Ishii 
reached 60 - 80% after mid-June each year from 2006 
to 2008 in the preservation area of S. divinus barine in 


2010. 


In this area, adults of Lycaena phlaeas daimio 
(Matsumura) and Calestrina argiolus ladonides 
(de l'Orza) appeared concurrently with adults of S. 
divinus barine, and we observed their eggs and larvae. 
Trichogramma species are polyphagous and are capable 
of parasitizing eggs of many lepidopteran species 
(Hirai, 1987). Koda et al. (2009) reported that eggs of 
S. divinus barine were parasitized by T. chilonis in this 
area. Therefore, it may parasitize eggs of L. phlaeas 
daimio and C. argiolus ladonides as well as S. divinus 
barine eggs in this area. To determine if the presence 
of the former two species' eggs influences parasitism 
of S. divinus barine eggs in this area, we examined egg 
parasitism of those three species by Trichogramma spp. 
and their adult density in the present study. In the present 
study, we carried out egg sampling and the collection of 
Trichogramma parasitoids to compare egg parasitism of 
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L. phlaeas daimio and C. argiolus ladonides with that S. 
divinus barine. 


Materials and methods 
Study site 


The investigation was conducted in the above-mentioned 
Preservation area (100 m x 20 m). There were 246 plants 
of S. flavescens and about 200 plants of Rumex acetosa 
L. The natural population of S. divinus barine had not 
recovered when we carried out this study in this area on 
May 5, 2010. 


Percentage of parasitism 


Egg sampling was carried out 4 times (May 17, 28, June 8, 
16) in 2010. Eggs of C. argiolus ladonides and S. divinus 
barine were randomly sampled at the flower buds of S. 
flavescens and those of L. phlaeas daimio at the roots of R. 
acetosd. 


Sampled eggs were individually placed into a 5 ml 
screw vial (14 mm diameter, 40 mm height) and kept 
at room temperature under the natural photoperiod in 
the Insect Ecology Laboratory of the Education and 
Research Center of Alpine Field Science, Faculty of 
Agriculture, Shinshu University. Eggs were classified as 
either normally hatched, parasitized, or dead. Parasitoids 
emerged from eggs were identified as Trichogramma spp. 
(including T. chilonis and closely related species) using a 
binocular stereoscopic microscope (PDBC, 2014). 


Collection of parasitoids adults 


Adults of Trichogramma parasitoids were collected 


NAKAMURA 





Fig.l Sticky trap for collection of Trichogramma spp. PET 
bottles of 500 ml wound with sticky yellow polypropylene 
tape (IT sheet) were used as traps. 


using a sticky trap to investigate the seasonal changes in 
their density. Five hundred-milliliter PET plastic bottles 
(65 mm diameter, 230 mm height) wound with sticky 
yellow polypropylene tape (Sankei Chemicals Co., 
Ltd. trade name IT sheet) were used as traps to capture 
Trichogramma spp. (Fig.1). 


Three of these sticky traps were used to collect 
Trichogramma spp. in the Preservation area during 
six different periods (April 15 (trap set) - May 1 (trap 


Tablel Percent parasitism by Trichogramma spp. on eggs of three lycaenid species at Preservation area in 2010 


Date Species pv i 
L. phlaras daimio 34 
5.17 C. argiolus ladonides 17 
S. divinus barine 0 
L. phlaras daimio 13 
5.28 C. argiolus ladonides 0 
S. divinus barine 0 
L. phlaras daimio 0 
6.8 C. argiolus ladonides 0 
S. divinus barine 34 
L. phlaras daimio 0 
6.16 C. argiolus ladonides 0 
S. divinus barine 26 


No. of egg No. of egg No. of eggs 
hatched (96) unhatched (46) parasitized (%)* 
24(70.6) 6(17.6) 4(11.8) a 
11(64.7) 3(17.6) 3(17.6) ab 
6(46.2) 0(0.0) 7(53.8) be 
6(17.6) 1(2.9) 27(79.4) c 
0(0.0) 3(11.5) 23(88.5) c 


* Same italic letters after parasitism rate within column indicate no significant differences by Fisher's exact test with Bonferroni 


correction (P « 0.05) 
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recovery), May 2 - 28, May 29 - June 8, June 9 - 16, 
June 17 - 23, and June 24 - July 5). The sticky traps were 
brought back to the laboratory on the last day of each 
collection cycle, and the number of Trichogramma spp. 
on the traps was counted using a binocular stereoscopic 
microscope. 


Results and Discussion 
Percent parasitism 


The percent parasitism of three lycaenid species by 
Trichogramma spp. in Preservation area is shown in 
Table 1. Eggs of L. phlaeas daimio and C. argiolus 
ladonides were found in the sampling surveys of May 
17 and 28, and no egg of S. divinus barine was collected 
because females of this butterfly had not yet occurred. 
In sampling surveys of June 8 and 16, only eggs of S. 
divinus barine were found. As far as we know, this is the 
first record that L. phlaeas daimio eggs are parasitized by 
Trichogramma spp. 


The percentage of parasitism of L. phlaeas daimio on 
May 17 (11.896) was significantly lower than that on 
May 28 (53.8%) (Fisher's exact test, p=0.005). The 
percent of parasitism of S. divinus barine on June 8 and 
16 reached 79.4% and 88.5%, respectively, which was 
significantly higher than those of L. phlaeas daimio and 
C. argiolus ladonides on May 17 (Fisher's exact test, 
p « 0.05). There was no significant difference between 
percentage parasitism of L. phlaeas daimio (11.8%) and 
that of C. argiolus ladonides (17.6%) on May 17 (Fisher's 
exact test, p=0.457). L. phlaeas daimio lays eggs at the 
roots of stalks of R. acetosa, while C. argiolus ladonides 
lays eggs on flower buds of S. flavescens. The present 
result may indicate that this difference in the position of 
laying eggs does not affect the percentage of parasitism 
by Trichogramma spp. 


Density of Trichogramma spp. 


Figure 2 shows the numbers (/tap/day) of Trichogramma 
spp. captured by three traps in each trapping period in 
2010. Trichogramma spp. were not captured from April 
15 to May 28. From May 29 to June 23, 0.18 - 0.29 
adults (/tap/day) were captured. The number of captured 
Trichogramma spp. increased rapidly from June 24 to 
July 5 (0.47 /trap/day). The results show that the adult 
density of Trichogramma spp. 1n the Preservation area 
increased from June to July in 2010. In 2007 and 2008, 
the density of T. chilonis was also high in late June and 
early July (Koda et al., 2009). 


The Preservation area is not so large (20 m x 100 m) 
but has abundant host plants of S. divinus barine. About 
400 pupae of this butterfly have been introduced there 


0.5 


0.4 


o 
w 


0.2 


0.1 


No. of Trichogramma spp. captured 
(/day/trap) 





4/15-5/1 5/2-5/28 5/29-6/8 6/9-6/16 6/17-6/23 6/24-7/5 
Trapping period 


Fig.2 The numbers (/trap/day) of Trichogramma spp. captured 
in the trapping periods in 2010. 


every year by a volunteer organization. As a result, many 
S. divinus barine adults had emerged and laid many 
eggs. Hirabayashi et al. (2009) found an average of 81 
eggs per one S. flavescens plant and estimated the total 
number of eggs in this area as about 20000 in 2005. 
The egg density of the host butterfly for Trichogramma 
spp. was considered to be very high. The developmental 
period of T. chilonis was reported to be 10 days at 24°C 
(Miura and Kobayashi, 1993), and the number of life 
time fecundity per female was 87.7 individuals (Hirai, 
1987). Trichogramma spp. could increase using eggs of L. 
phlaeas daimio and C. argiolus ladanides as hosts over a 
few generations in May when S. divinus barine had not 
yet appeared. A further increase of Trichogramma spp. 
in June may be due to their reproduction on abundant $. 
divinus barine eggs. 


Okada (1989) investigated the seasonal changes in the 
density of P. xylostella and Plusia nigrisigna (Walker) 
eggs and percentage parasitism by T. chilonis in a 
cabbage field in Mie Prefecture. He reported that the 
percentage parasitism by T. chilonis was low in April 
and May and thereafter increased as the host density 
increased. Figure 3 based on the data of Table | and 
Koda et al. (2009) shows the relation between the 
percentage parasitism by Trichogramma spp. and the 
sampling date. This result indicates that parasitism by 
Trichogramma spp. was low in May but became high 
after mid-June, irrespective of the butterfly species. Hirai 
(1987) showed a positive correlation between the number 
of eggs and the percentage parasitism by T. chilonis on 
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Fig.3 The relation between the percent parasitism by 
Trichogramma spp. and sampling date based on the data of 
Table 1 and Koda et al. (2009). A: C. argiolus ladonides in 
2008. A: C. argiolus ladonides in 2010. O: S. divinus barine 
in 2008. @: 5. divinus barine in 2010. lll: L. phlaeas daimio 
in 2010. 


a soybean field. Also Miura (2003) confirmed that T. 
chilonis attacked more P. xylostella eggs as their density 
increased. From these facts and reports, it is suggested 
that high percentage parasitism of S. divinus barine eggs 
by Trichogramma spp. in June in this study may occur 
due to the increase of the density of Trichogramma 
parasitoids. It will be necessary to monitor the percentage 
parasitism and the density of Trichogramma spp. 
periodically from now on in the Preservation area. 
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Hj x 

オオ ルリ シジミ の 保護 地域 長野 県 安曇 野市 に お ける シジミ 
チョ ウ 科 3 種 の Trichogramma spp. に よる 卵 寄 生 率 CLAS 
子 ・ 中 村 寛 志 ) 


長野 県 安曇 野市 に お いて , 2010 年 に オオ ルリ シ ジ 
ミ ベニ シジミ , ルリ シジミ の 卵 サ ンプ リン グ を 行い , 
Trichogramma spp. に よる 寄生 率 を 調査 し , さら に 粘着 
ラッ プ を 使っ て これ ら 卵 寄生 蜂 の 個体 数 を 調査 し た . € 
の 結果 . ベニ シジミ , ルリ シジミ の 卵 は 5 月 の 調査 時 に , 
また オオ ルリ シジミ は 6 月 の 調査 時 に 卵 を 発見 で きた . 
Trichogramma spp. は オオ ルリ シジミ や ルリ シジミ の は か べ 





NII-Electronic Library Service 


The Lepidopterological Society of Japan 


Egg parasitism of three lycaenid butterflies by Trichogramma spp. 127 


ニシ ジミ に も 寄生 する こと が 明らか に な っ た . 5 月 中 旬 の 
ベニ シジミ と ルリ シジミ の 卵 寄生 率 は 低く (12 ~ 18%), 
5 月 下旬 の ベニ シジミ は 54% と 高く な り , さら に 6 月 に 出現 
する オオ ルリ シジミ で は 卵 寄生 率 が 一 層 高 く な る (79 ~ 
89%) こと が わか っ た . オオ ルリ シジミ の 発生 前 の 5 月 28 
日 まで は , Trichogramma spp. は 粘着 トラ ッ プ に は 捕獲 され 
な か っ た が , それ 以降 は 1 トラ ッ プ 1 日 あたり 0.18 ~ 02918 
体 が 捕獲 され , 6 月 下旬 に は 捕獲 数 が 増加 し た ロト ラッ プ 
1 日 あたり 0.47 個 体 ). 以上 の こと か ら , オオ ルリ シジミ の 
卵 期 に , 卵 寄生 蜂 で ある 7richogramma spp. の 密度 が 高く な 
る た め に 寄生 率 が 高く な っ た と 考え られ た . 
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